Voltage-gated Na+ channels: multiplicity of expression, plasticity, functional implications and pathophysiological aspects.
Voltage-gated Na+ channels (VGSCs) are well known for mediating regenerative cell membrane depolarization and conduction of electrical signalling in nerves and muscles. However, VGSCs may also be expressed in traditionally "non-excitable" cell types, including lymphocytes, glia, fibroblasts and metastatic cancer cells of epithelial origin. Both the diversity and modulation of VGSC expression are far more complex than was initially apparent. There are at least 10 different genes that encode the alpha-subunits of VGSCs. Since VGSCs can contribute to a range of human disease conditions, it is important to understand both the control and consequences of VGSC functioning and how these aspects may be altered under pathophysiological conditions. Such mechanisms can be at the transcriptional, pre-translational or post-translational levels. This article reviews recent literature that has contributed to our understanding of how individual VGSC subtypes can generate their unique physiological signatures within different cell types. We also highlight emerging areas of interest, in particular, the finding of multiple expression of individual VGSC subtypes within single cells, the generation of alternative splice variants and the increasingly complex set of mechanisms of plasticity through which individual VGSC subtypes may be subtly controlled, including intracellular trafficking of VGSC protein.